Eight parents were selected on the basis of phenotypic and genotypic screening for the development of F 1 . All the possible combinations were made between the parents excluding reciprocals in diallel mating design. Data were analyzed by using Hayman graphical approach and Griffing's approach to study the genetics of the parents and their F 1 hybrids. Based on the genetic component analysis, both additive and non-additive components appeared which is important in the inheritance of most of the traits. Both additive and dominance type of gene action were found important in inheritance for different traits under study. Most of the traits showed constant gene action in both environments, but the gene action of some traits was affected by the environment. Morphological traits like plant height, productive tillers per plant and 1000 seed weight showed over dominance type of gene action in both environments (control and drought environments), while seeds per panicle and seed length width ratio showed this type of gene action only in drought conditions. The seeds per panicle and length width ratio showed additive type of gene action with partial dominance only in normal irrigation conditions. From Griffing analysis, genotypes CB-17, CB-32 and Basmati-198 were found to be good general combiners for productive tillers per plant, primary branches per panicle and yield per plant, especially under water stress condition. Also, maximum specific combining ability was found in Basmati-198 × CB-17 for productive tillers per plant, Basmati-198 × CB-42 for primary branches per panicle and CB-32 × CB-14 for yield per plant.
INTRODUCTION
Rice is one of the most important crops around the world. It is a staple food and ranks second among the world as well as in Pakistan. It is considered to be a main food grain crop in many regions of the world, especially in Asian countries. More than 3 billion people feed on rice crop, providing 50 to 80% of their daily calorie intake (Khush, 2005) . It is widely cultivated in more than 100 countries, including Pakistan. The total paddy production area is about 162 million hectares and the annual production of rice is about 700.7 million metric tons globally; 3% more than previously reported in year *Corresponding author. E-mail: ashfaq_qs@yahoo.com or Ashfaq.iags@pu.edu.pk. Tel: 0092321-6462690.
2009 . Asian countries are the main rice producer, with its rice production accounting for about 92% of the world's total production (Ohtsubo et al., 2005) . In Pakistan, rice is a major source of export earnings in recent years. It accounts for 4.4% of value added in agriculture and 0.9% in GDP. Pakistan grows high quality rice to meet both domestic demand and exports. Area sown for rice is estimated at 2365 000 hectares; 17.9% less than last year (2883 thousand hectares). The production of the crop is estimated at 4823 thousand tons, 29.9 percent less than last year 2009 (Anonymous, 2010-11) .
The diallel analysis is used to get information about the genetic structure of populations and controlling genetic mechanism of various traits (Hayman, 1954; Griffing, 1956 ) under study. The analyses provide the information of various genetic parameters, general combining ability, specific combining ability, narrow sense heritability, broad sense heritability and heterosis of the parents and their crosses. The diallel theory was developed by (Hayman, 1954) based on Mather's (1949) components of variation, D (additive) and H (dominance). Some of the developments have been made in this method in detail by (Mather and Jinks, 1982 ). Griffing's approach divides the genotypic variance in to two components, general combining ability and specific combining ability. These estimates also determine the additive and dominance components of phenotypic variation (Griffing, 1956) . The practical application of diallel method was carried out for the improvements of almost all the crop plants such as rice (Zhang et al., 1994; Verma and Srivastava, 2004; Rahimi et al., 2010; Muthuramu et al., 2010) and maize (Crosbie et al., 1978) .
Researchers indicated that the relative importance of general combining ability (GCA) and specific combining ability (SCA) vary from different studies. Greater magnitude of variance due to GCA than SCA for any traits indicates a predominant role of additive gene action (Verma and Srivastava, 2004) . On the other hand, in general most of the investigations showed that the amount of SCA and heterosis is greater than the general combining ability (Bagheri and Jelodar, 2010; Saleem et al., 2009) . Sometimes both additive and non additive gene action are involved in the inheritance of characters (Mohanty and Khush, 1985; Farshadfar et al., 2008) . Genetic variation for grain weight and some other yield contributing traits were reported due to predominately additive and complemented with additive × additive epistatic variation, indicating that selection for increased grain weight can be practiced in segregating generations (Gravois, 1992; Ahangar et al., 2008) . Gene action are studied for different yield traits, total number of tillers, panicle length, number of grains per panicle, pollen fertility, spikelet fertility and grain weight per panicle. Durai et al. (2009) and Gravois and McNew, (1993) identified different parents on the basis significant general combining ability and their heterosis performance.
The objectives of this study were: (1) identify the physio-morphological traits responsible for the yield difference among the genotypes; and (2) select and screen out the water stress tolerant and susceptible genotypes in order to determine the gene action/ inheritance pattern among various traits suitable for further use in rice breeding program aimed at the development of new rice genotypes suitable for water stress prone areas.
MATERIALS AND METHODS
The experiment was conducted in experimental field of department of plant breeding and genetics during 2009. Eight basmati lines/varieties CB-14, CB-17, CB-32, CB-40, CB-42,Super-Bas, Bas-198 and Bas-2000 were used under normal and water stress conditions. The parents were grown in green house in pots with RCBD design in three replications. These parents were used for making the crosses in half diallel fashion to develop the F1 seed for the future studies. Genotypes were grown in three replicated trials after one week interval of each trial to get the maximum crosses. The pollinated panicles were identified with tag indicating the names of female and male parents with date of pollination. The fertilized panicles were harvested after the maturation to collect the F1 seed. The parents and the F1 generation were tested under water stress condition to see genetic potential in replicated trial in 2010.
The experiments were carried out under green house in pots with controlled temperature and adequate moisture. The moderate water stress was imposed at about 50% of applied irrigation in a control plot (35% relative humidity) at both seedling stage and reproductive stage. The 35°C temperature was maintained for all experiments. The weather conditions were normal during the experiments and sandy clay loam type soil was used for all the experiments. Stress was given both at seedling and reproductive stage of the parents and their F1 crosses. Data for plant height, tiller per plants, seeds per panicle, 1000 seed weight, seed length width ratio and yield per plant at maturity stage of each genotype/F1 population. A replication comprised of 36 entries (28 F1s+ parents). One seed of each cross and parent was planted in each pot. Five seeds of each parent and their respective crosses were planted separately in pots. Data was recorded of each parent plant and their respective cross on the basis of following observations:
(1) Plant height: The plant height was measured in centimeters from the base of the main tiller to the tip of the panicle. 
Statistical analysis
The data recorded were subjected to the statistical analysis. Analysis of variance was carried out for all parameters, and then estimated genetic parameters and their proportional ratios were determined according to Hayman (1954) and Mather (1949) . The general combining ability and specific combining ability were calculated according to the Griffing's (1956) procedure using model 1 and method 11, where block and variety effects are assumed fixed and only one set of the crosses were used with the parents.
RESULTS

Study of genetic parameter
All the genetic parameters are described in Table 1 for various morphological traits. 
Plant height
In both cases (under normal and water stress conditions), the genetic component showed the positive and significant values of "D", indicating that genetic differences occur in the parents. Significant values of both H 1 and H 2 combined with the situation represent the unequal distribution of positive and negative effects of alleles at the additive loci in the parents. On the other hand, different proportional ratios give the information about the degree of dominance, such as the positive and negative effects of alleles within the parents, number of effective factors that control the trait and narrow sense heritability of the parents. A graphical representation of plant height showed that in both watering conditions, it was controlled by over-dominance type of gene action as regression line cuts the Wr-axis below the point of origin. Since the regression line followed the unit slope, epistasis was therefore absent for this trait. In both watering conditions variety super basmati contains maximum dominant genes followed by CB-40 since it was nearest to the point of origin ( Figure 1 ).
Tillers per plant
The positive and significant values of different genetic components for productive tillers per plant under normal and water stress conditions. The entire genetic parameters showed positive significant variations under both irrigation conditions. Different proportional ratios were also formed from the variance components that give the information about the types of gene action among the parents and their cross combinations. Graphical representation of this trait showed that it was controlled by over dominance type of gene action as regression line intersects the Wr-axis below the point of origin in both environments. Also, since the regression line did not deviate from the unit slope, epistasis was absent for this trait. Distribution of genotypes in the graph showed that Super Basmati contains maximum dominant genes for this trait in normal conditions, but when drought was imposed, the trend of genes changed in the varieties and variety CB-42 became the maximum dominant genes containing variety ( Figure 2 ).
Seed per panicle
The positive and significant values of different genetic components for seeds per panicle under normal and water stress conditions are shown in Table 2 . All the genetic components showed positive and significant variation in both irrigation conditions except h 2 that showed positive nonsignificant variation under water stress condition. Different proportional ratios were also formed from the variancecomponents that give the information about the types of gene action among the parents that were used in the cross combination. Seeds per panicle were controlled by additive type of gene action with partial dominance in normal irrigation conditions, but this mode of gene action changed to over dominance in water stress conditions as point of interception was below the axis. This may be due to the interaction of genes with the environment. Moreover, since the regression line followed the unit slope, epistasis was not present. Distribution of array points along the regression line showed that Basmati-198 contains maximum dominant genes in normal conditions, but in water stress conditions CB-42 was the maximum dominant containing genotypes as it was closest to the point of origin (Figure 3 ).
1000-seed weight
The positive and significant values of different genetic components for 1000 seed weight under normal and water stress conditions are shown in genetic parameters showed positive and significant variation among the parents. In this case there were no environmental effects on genotypes in both irrigation conditions. Different proportional ratios were also formed from the variance components that give the information about the types of gene action among the parents that were used in various cross combination. Graphs in the figure below showed that this trait was controlled over dominance type of gene action as point of interception was below the point of origin in both environments. Unit slope of regression line indicates that epistasis was absent. Distribution of array points showed that CB-42 contains maximum dominant genes for this trait in both environmental conditions as it was nearest to the point of origin. However, recessive genes were present in Basmati-2000 (Figure 4 ).
Seed length-width ratio
The positive and significant values of different genetic components for length width ratio under normal and water stress conditions are shown in Table 2 . The entire genetic parameter showed positive significant variation among all the genotypes that used in the study under normal water condition. On the other hand, two genetic components (D and F) showed negative non-significant variation and one genetic component h 2 showed positive non-significant variation among the genotypes that used in this study. Different proportional ratios were also formed from the variance components that give the information about the types of gene action among the parents. Vr/Wr graph for length width ratio showed that this trait was controlled by additive type of gene action with partial dominance in normal irrigation conditions, but this mode of gene action changed to over dominance in water stress conditions as point of interception was below the axis. This may be due to the interaction of genes with the environment. And since the regression line followed the unit slope, epistasis was not present. The distribution of array points along the regression line showed that Basmati-198 contains maximum dominant genes in normal conditions, but in water stress conditions CB-42 was the maximum dominant containing genotypes as it was closest to the point of origin ( Figure 5 ). components showed positive and significant variation among the parents in both cases. Different proportional ratios were also formed from the variance components that give the information about the types of gene action among the parents. High value narrow sense heritability under water stress condition showed that more additive types of genes were present in parents that used in the study. Graphical presentation of the data showed that this trait was controlled over dominance type of gene action as point of interception was below the point of origin in both environments ( Figure 6 ). Unit slope of regression line indicates the absence of epistasis. The distribution of array points showed that CB-17 contains maximum dominant genes for this trait in both environmental conditions as it was nearest to the point of origin.
Yield per plant
Combining ability estimates
The goal of a plant breeder in a self-pollinated crop like rice is to develop a true breeding (homozygous) population among various desirable characteristics contributing to the yield of rice crop with great genetic potential. The accomplishment of this objective would be based on the selection of suitable parents and nature of the gene action controlling the various traits in plants. The nature of gene action controlling the plant traits helps in developing the selection strategy in segregating populations. According to Griffing (1956) , the combining ability analysis partitions the genotypic variability into variances due to general combining ability (GCA) and specific combining ability (SCA), which represent the additive type of gene action and dominance type of gene action for the controlling of various traits of parents and their hybrids under normal and water stress conditions. Combining ability analysis in this research work was carried out for different morphological traits following the method of Griffing (1956) . The data were initially subjected to the analysis of variance that showed the significant variation among the eight parents and their 28 F 1 hybrids. Varietal differences were highly significant both at normal and water stress conditions in respect of all the six traits studied. The results of mean square values of all the traits were presented in the (Table 2) .
General combining ability (GCA) effects
All drought tolerant parents viz., CB-17, CB-40, Basmati-198 and susceptible parents CB-14, CB-32, CB-42, Super basmati and Basmati Pak., showed themselves as good general combiners for some of the traits both under normal and water stress conditions. Some parents showed highly significant positive GCA effects for some traits, while others showed negative significant GCA effects for some traits (Table 3) .
Specific combining ability (SCA) effects
The specific combining ability effects are summarized in Table 4 . Some crosses showed highest positive significant effects under both normal and water stress condition for specific traits The crosses productive tillers per plant Level of significance p<0.05= * and P<0.01= ** promising results for yield and yield related traits. Thus, these hybrids could be used as such or further selection to develop high yielding rice genotypes suitable for cultivation under water stress condition. In addition, those crosses which showed highest positive significant SCA effects under normal and water stress conditions considered to be more important specific combiners for the development of new high yielding varieties. Various morphological traits were studied to see the SCA effects of different cross combinations. Those cross combinations that had high SCA effects were considered to be good specific combiners and those having a negative significant SCA effects were considered to be the poorest specific combiners.
DISCUSSION
Genetic parameter analysis indicated the presence of significant variation among all the genetic components for various morphological traits studied under normal and water stress conditions for all the traits as described separately in Table 1 . Among all the traits, only the seed width in normal condition and length-width ratio under water stress condition showed additive nonsignificant variance that showed that less additive genes occur in the case. The positive and significant values of additive variance "D" and dominance variance "H 1 , H 2 and h 2 "showed that genetic differences occurred among genotypes used in the study. Significant values of both H 1 and H 2 showed the unequal distribution of positive and negative alleles within the parents. Lower values of D indicate the higher degree of dominance gene action than the additive gene action. In most of the traits, positive significant environmental effects occur on all the genotypes. The proportional value (H 1 /D) 1/2 estimates the average degree of dominance over the loci (Mather, 1949) . Hence in the present study, over dominance occur in most of the traits in both irrigation conditions. On the other hand, H 2 /4H 1 ratio indicates the number of positive and negative alleles within the parents and also shows the dominance of the parents. It has maximum value of 0.25 (because it is squared quantity, the actual proportion being v = V = 0.5), when positive and negative alleles are equally distributed over the loci. If this ratio is greater than one, it indicates the excess of dominant alleles among the parents. The ratio h 2 /H 2 indicates the number of effective factors within parents and controls the specific character and exhibit the dominance. In the present study, the overall results indicated that both additive and dominant types of gene action occur within the parents. Additive effects are important for the fixation of the trait and for early selection of the plants. On the other hand, dominance effects are not fixable due to segregation and late selection may be fruitful for the selection of genotypes for the next generation of the future breeding studies to develop new rice varieties. Additive and nonadditive gene actions play a very important role in the determination of heritability in those traits which are controlled by additive gene effects (Dabholkar, 1992; Falconar, 1988) . In the present study, different heritability was estimated for each trait. Different researchers also estimated the heritability for different traits (Kato, 1990 ) grain weight and number of grains per panicle.The nature and magnitude of gene action involved in phenotypic expression of plant traits is crucial for Akram et al. (2007) , Nematzadeh (1987) , Singh et al. (1970) and Kaushik (1984) . The analyses of variance (mean square values) from the combining ability analysis for all the morphological traits are presented in Table 2 . It showed that the variances due to GCA effects were higher than that due to SCA effects, suggesting predominance of additive type of gene action. The combining ability analysis also helps in the identification of desirable parents (Venkatesan et al., 2007) and new superior cross combination for the improvement and development of new rice varieties. This will help plant breeders for the future breeding studies, and it may be useful for making improvements and manipulation of component traits. However, not all the variations were due to additive effects. Specific effects were also significant for all the traits. The finding of the present study showed that the additive gene effect generally plays a more important role than the dominance gene effects for the traits studied. These findings were confirmed by several earlier findings of Malini et al. (2006) , Pradhan et al. (2006) , Ramkrishan et al. (2006) , Verma and Srivastava (2004) and Vanaja et al. (2003) . Non-additive type of gene action was also important for the appropriate breeding studies. Some researcher have also reported similar results related to yield and yield related traits of non-additive type of gene action (Vyas and Kumar, 2008; Allahgholipour and Ali, 2006; Vanaja et al., 2003; Manuel and Palanisamy 1999; Yadav et al., 1999 and Kausik and Sharma, 1988) The parents (Super basmati, Basmati-198 and Basmati-2000) showed positive significant GCA effects in plant height with respect to other parents under both conditions. On the other hand, CB-40, Super basmati and Basmati-198 showed a positive significant effect in productive tillers per plant. Genetic variability and diversity is based on the basmati rice germplasm and various phenotypic/genotypic traits that are used for the germplasm enhancement and development of new rice varieties under normal and water stress condition . In rice, stress associated genes play a very important role for the protection of plants against abiotic stresses. On the other hand, fragrance gene in Basmati is also associated with a loss of function of a gene involved in abiotic stress tolerance and causing loss of performance (Fitzgerald et al., 2010) . Akhtar et al. (2010) studied the genetic variation/association between eight basmati rice varieties under different water regimes, on the basis of various morphological and physiological traits for the screening of future breeding studies. Basmati fragrant rice cultivars possess the genetic potential in comparison with nonfragrant rice (Hussain et al., 1987; Lorieux et al., 1996; Bradbury et al., 2005) for accumulating 2-AP (volatile compounds having a characteristic of aroma).
The present study indicated that some specific cross combinations showed high positive significant effects, while others showed negative effects under both conditions. On the other hand, it was noted that some good general combiners may not produce good F 1 combinations instead of high GCA effects. Good combiner parents sometimes showed negative SCA effects in the hybrids. Similar results have been reported for grain yield (Khanorkar et al., 1984; Mohanty and Khush, 1985; Falconer and Mackay, 1996) .
Conclusion
These study present sufficient exploitable genetic variability for various yield related traits among the rice genotypes. A good number of rice genotypes were screened and identified on the basis of various morphological traits that would be used in the development of F 1 hybrid seed. The genotypes CB-17, CB-42 and Basmati-198 were good general combiners for productive tillers per plant, 1000 seed weight and yield per plant especially under water stress condition, and also gave specific cross combinations for good yield and yield related traits. The crosses productive tillers per plant (Basmati-198 × CB-17), seeds per panicle (Basmati-2000 × CB-42, Basmati-198 × CB-14) , 1000 seed weight (Basmati-2000 × CB-32, CB-42 × CB-32) and yield per plant (CB-32 × CB-14) showed promising results for yield and yield related traits. Thus, these hybrids could be used as such or further selection in order to develop high yielding rice genotypes suitable for cultivation under water stress condition. There is also a great genetic potential for the specific traits contributing to increase yield of the basmati rice crop and equally beneficial for the farmers' community to generate more income by using these rice materials.
